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Introduction
The world faces multiple challenges in strengthening food security that ranges from rapid transition of diet consumption patterns of a continuously increasing population to constantly decreasing cultivated land and inefficient production practices (Beddington et al. 2012 ). The world population has increased from 6.4 billion in 2004 to 7.4 billion in 2016, and it is expected to reach 9.4 billion by 2050 (World Bank 2014a , 2016 . In addition, the global average food consumption has increased from 2250 calories per capita per day in 1961 to 2750 calories per capita per day in 2007. This figure is projected to rise to 3070 calories per person per day by 2050 (Alexandratos and Bruinsma 2012) . However, 870 million out of 7.04 billion people still experience transitory hunger. Moreover, over 98% of these hungry people live in developing countries (FAO 2009; WFP and IFAD 2012) . Therefore, food insecurity is still a serious global issue.
Strengthening food security is a focus for many countries, and it is a significant development strategy for the People's Republic of China. Food security in China can promote economic development, maintain social stability, and achieve national self-sufficiency (Zhou 2010) . For the last two decades, China's food security has attracted great attention due to its growing population, improving purchasing power and soaring demand for animal feed and biofuel. On the other hand, agricultural production is a critical component of China's economy and peoples lives. Additionally, agricultural development continues to lag behind industrial development. It poses a significant challenge because China's agricultural production provides 1.3 billion people with food, 737 million rural people's incomes depend on agricultural production and 42.6% of the labor force is employed in agricultural sector. However, agricultural production only accounts for 10% of GDP even though 35.4 billion dollars of exports herald from the agricultural sector and 66% of the light industry outputs are based on agricultural products (China 2008; National Bureau of Statistics of China 2010; World Bank 2014b).
China's population has increased over 30% since 1980 and is predicted to reach 1.3406 billion by 2050 (World Bank 2013) . At present, China's total GDP ranks second in the world, and its annual GDP growth rate is approximately 8.6% (World Bank 2014b ). An upward trend in income has tripled food demand in the past 30 years (Liao 2010) , and more arable land is made uncultivable as a result of rapid urbanization and industrialization. The per capita land resources in China are only equivalent to 0.38% of the world average (World Bank 2014c). Limited arable land has attracted more attention by government. The grain sufficiency rate of China is in danger of becoming lower than the target rate of 95% self-sufficiency, which is considered a key national food security indicator from the Chinese government's perspective. To feed approximately 22% of the world's population on less than 9% of the world's cropland is a major challenge. As a result, food security is a fundamental issue for policy makers and requires immediate attention.
Limited arable land resources
Several major factors have caused cultivable land to shrink in China, such as converting agricultural land to residential or industrial areas. At present, only 12.8% of the total national land area is available for agricultural production (Chen 2007 ). In addition, China's increased agricultural harvest in the past years to some extent can be attributed to the overuse of fertilizer and pesticide (Huang et al. 2012a ). This is not a sustainable approach for a country that aims to maintain a stable grain supply in the long term. It is crucial to limit the loss of arable land to ensure food security. In response, the Chinese government has unveiled a series of new regulations and standards to safeguard sufficient arable land. Government has set, what it calls, a Red Line to guarantee that the amount of arable land never goes below 120 million hectares (1800 million mu). However, whether this red line is enough for the population in 2030 and 2050 remains a concern.
1.
Agricultural trade
Since 2010, China has changed its position in the world grain market from net exporter to net importer. The total grain trade deficit has increased significantly to $4 billion in 2013. Since joining the WTO, China has undertaken a series of tariff reductions policy mostly towards agricultural products. Major grain products, i.e., rice and wheat, are in the tariff reduction exception list, which triggers a controversial discussion on trade liberalization and food security. Additionally, the Government of China has identified a 95% self-sufficiency goal as an objective of government policy for recent years (The CCCPC and The State Council 2014) .
Agricultural productivity
In 2008, the agricultural productivity of China was 47% of the world on an average, while only 2% of the same was recorded high-income countries (Wang 2012) indicating great disparity. Recently, the government of China introduced policies to encourage farmers to buy agricultural machinery. Inadequate irrigation system has become a serious constraint for agricultural production (Wang 2012) , and the degree of agricultural mechanization is very low in China, even though China's government has subsidized agricultural machinery in recent years. Even though extensive agricultural machinery application is believed to improve productivity, this issue still needs further study in the case of China. Low rural income and the high price of machinery is another reason for the low application rate of large-scale agricultural machinery. 1 The application of agricultural machinery largely depends on government subsidy (Liu 2013) .
Given the present conditions in Chinese agriculture, the country appears to be on the frontline of the global food security crisis. Effective research on food security is required to ensure the national stability and to improve the well-being in China. The current study will address several key questions such as how much cultivable land is required for feeding the Chinese population in 2030 and 2050. What are the implications of meat and grain tariff reductions on China's food security in the future? Answers to the above questions are significant for the Chinese government to formulate appropriate reforms that can strengthen national food security in future decades.
The objectives of this study are to investigate China's food security situation in 2030 and investigate the impacts of alternative policies on food security. The analysis is based on a global computable general equilibrium model, which covers a large number of regions and detailed agricultural information.
The remainder of the paper is organized as follows. Section 2 reviews methodologies that have been used in food security assessment. Section 3 calibrates Global CGE model that have been employed in the study including data and aggregation strategy and experimental design. The results of the study are presented in Sect. 4. Section 5 concludes the paper with policy recommendations.
Literature review
There are a large number of studies on food security which emphasize on food security assessment systems, food security early warning system, and estimating the relationship between food security and climate change, biofuels, and arable land. Scholars and international organizations have estimated the future impact of food security using a number of alternative models. The current review includes studies that have used partial equilibrium models and computable general equilibrium models.
Partial equilibrium models consider non-agricultural markets exogenous to the system, which requires the researcher to make assumptions about the path of the macroeconomic variables in the future. The international model for policy analysis of agricultural commodities and trade (IMPACT) provides a fundamental methodology for application to the raw food market. The basic model framework includes four major components, namely food supply, food demand, price, and trade. The result of IMPACT provides information about long-term food demand and supply at a regional level (Rosegrant et al. 2008) . It shows that high-meat diet in developed countries limit the improvement in food security in developing countries.
Since China became a member of the WTO, its share of world trade and foreign direct investment have grown at a faster pace However, to adapt to changes brought about by globalization, policy makers require more comprehensive models to assess policies and to forecast the impacts of policies. With the widespread application of computable general equilibrium models, a few scholars have begun to adopt single-country CGE models and multi-regional CGE models for food market. Diao et al. (2003) constructed a CGE model and used it to analyze the effects of tariff reduction on food demand and supply after China joined the WTO. Fan et al. (2008) constructed PRC-CGE model (People Republic China Computable General Equilibrium Model, PRC-CGE) to analyze the potential economic effects on China of its accession to the WTO. Zhang (2009) investigated the impact of the rapid development of the biofuel industry on national food security. The study was based on the input and output table for 2002. The study concluded that biofuel production is likely to threaten food security based on the analyses of key indicators, such as food production and food prices. DRCCGE (Dynamic Recursive Chinese CGE) model was developed by Li and He (2010) which has been widely applied by the central government to project economic growth figures for China. Huang et al. (2010a) developed China's agricultural CGE model to explore the food security of China under different agricultural technology improvement scenarios. Results of their study indicate that chemical fertilizer technology improvement has direct positive effects on grain production capacity and production cost reduction. Simulation results also reveal that if chemical fertilizer technology is improved, agricultural outputs and agricultural exports are expected to increase, while agricultural imports are likely to decrease (Huang et al. 2010a ). Huang et al. (2010a) use the same CGE model to analyze agricultural subsidy policy implications on China's food security for 2020. It evaluates the food security implications of increasing agricultural subsidies. The results indicate that grain prices are expected to decrease and so also grain imports. On the other hand, grain exports are estimated to increase, respectively. The study concludes that a reduction in cultivated land is likely to result in the fluctuation of food prices and thus threaten national food security (Huang et al. 2010b ).
The aforementioned models are single-country general equilibrium models. The trade partners are all aggregated into one group-"the rest of world"; therefore, these studies are lacking detailed trade information by country. Moreover, they fail to take into account the impact of trade agreements on China in general and the agriculture sector in particular. Huang and Yang (2006) adopt the GTAP model to investigate implications of China's food security and world food security due to the speed of economic growth in China. The simulation results indicate that import of land-intensive agricultural products (such as rice and wheat) is likely to grow. The study results show that the selfsufficiency rate of grain is expected to decline. In 2020, wheat imports for human consumption are expected to be marginal. China is likely to maintain a net export position on rice, but the export quantity is not large. The export of labor-intensive products, such as fruits, vegetables, and meat, are expected to increase. China would likely have to confront risks of national food security after entry into the WTO and unstable agricultural market prices are likely to affect farmers' income levels.
Ren (2012), on the other hand, pointed out that climate change has an impact on food security. For the varied climate condition scenarios, different grain trade policy alternatives are simulated by the GTAP-E model. The author concluded that, in 2020, China expected to have large shortages of corn, while being close to self-sufficiency in other grain commodities. Regardless of the research scenario chosen, due to rising domestic demand, imports were estimated to increase; therefore, import quotas should be adjusted. With increasing grain subsidies, grain output was expected to rise and price was predicted to decline, and thus consumers were expected to benefit. However, there would be negative impacts on farmers' incomes from the policy. Anderson and Strutt (2014) concludes that self-sufficiency rates were projected to fall more than 10% across many major agricultural products by 2030; Chinese household income and output are likely to increase, and food consumption per capita is estimated to increase as well. Food prices are likely to rise as well; however, total food consumption is estimated to decline. Therefore, government would apply alternative policies to deal with issues, such as imposing an import tax, market price intervention, and increasing public investment. Similarly, Strutt and Nelgen (2013) indicate that, if the Chinese government set 95% as the rice self-sufficiency rate, the import tariff would have to be increased substantially to protect the domestic market. Rada et al. (2013) indicate that increasing TFP is likely to improve food security rates and stimulate food production, which translates into lower food prices and greater food availability especially in Asia and Africa. Improving agricultural TFP is also likely to boost food producers' income through more trade value. Mold et al. (2014) show that south-south trade liberalization is beneficial to food security in Asia. The authors argue that current agricultural tariffs in the context of south-south trade are too high. Tariff reduction, however, is assumed to be beneficial with respect to food security in the developing world. Their results indicate that China is expected to import more food products under the tariff reduction scenario. Yu and Bandara (2014) investigate India's food security using GTAP. They argue that current government intervention for food security, such as minimal support prices, a targeted public distribution system, and centrally determined prices, is costly and not efficient. These policies generate large costs to the administrative authority. Strutt and Nelgen (2013) focused on the effects of agricultural productivity and export tariffs on food security in the Asia-Pacific regions in 2015. They found that high rice self-sufficiency rates require a high level of import restriction, but this policy is expected to lead to a lowering of household food consumption. Therefore, they pointed out that increasing TFP is likely to lead to positive food security outcomes.
The aforementioned authors investigated China's food security from distinct perspectives, methodologies, and assumptions. Though a lot of studies have addressed the food security implications, few studies have undertaken an integrated and comprehensive assessment of China's food security situation, along with the impact of agricultural trade agreements and that of government policies on grains for the coming decades. The current study deals with these issues.
Method of analysis
The multi-regional CGE modeling framework that has been used to undertake the analysis of the current study is produced by the Center for Global Trade Analysis at Purdue University, USA. The database and model was developed for the Global Trade Analysis Project (Hertel 1997) and is essentially a multi-country multi-commodity model. The structure of the GTAP model is specified and described in Hertel (1997) and Mukhopadhyay and Thomassin (2009) . The model includes industrial sectors, households, governments, and global sectors across countries where countries and regions in the model are connected by trade. Prices and quantities are generated simultaneously in both factor markets and commodity markets.
The model employs Leontief production functions and a constant return to scale (CRS) technology to produce final commodities in perfectly competitive markets. Firms minimize input costs for given levels of output and fixed technology. In the derivation of factor input demands, the model structure uses constant returns to scale technology and nested constant elasticity of substitution (CES) production functions with three levels to determine the firms' demand for primary and intermediate inputs. Intermediate input bundles are formed through a combination of imported goods and domestic goods. GTAP uses the Armington assumption to distinguish between domestic and foreign goods. 2 In the GTAP model, each region or composite region has a single representative household that collects all the regional income. The household behavior is described by an aggregate utility function. The household will purchase a bundle of commodities to maximize its utility subject to given budget constraints. The consumption behavior is described by a Constant Difference Elasticity Demand System.
Demand is assumed to equal supply in all markets, which are considered to be competitive. This implies equality between the price received by the producer and the producer's marginal cost. Regional governments intervene in their own markets by imposing taxes and subsidies on commodities and primary factors, thus driving wedges between prices paid by purchasers and prices received by producers (Mukhopadhyay and Thomassin 2009) . These policy interventions are modeled as ad valorem taxes, tariffs and subsidies, or quantitative restrictions in case of trade. Thus, these policies have a direct impact on the production and consumption sectors in the model.
Transportation and global banking are two global sectors in the model. The transportation sector accounts for the difference in prices of a commodity as a result of the international freight of the good between countries and global banking brings global saving and investment into equilibrium.
Other general features of the model are its explicit recognition of savings by regional economies. These savings are completely exhausted on investments that are savingsdriven in the model. Investment in each region is financed from a global pool of savings where each region contributes a fixed proportion of its income to the savings pool (Mukhopadhyay and Thomassin 2009) . In each region, there are five primary factors: skilled labor, unskilled labor, capital, land, and natural resources. The total supply of labor and land is fixed in the model, while capital is allowed to be mobile across the country depending on the rate of return for this input.
A standard GTAP model selects its exogenous variables such that there is full employment in the factor markets. This is a neoclassical approach whereby the endowments of the productive factors are fixed allowing the market prices to adjust so as to maintain full employment.
In equilibrium, all firms have zero real profit, all households are on their budget constraint, and global investment is equal to global savings. Changing the model's parameters allows one to estimate the impact from a country's/region original equilibrium position to a new equilibrium position resulting from the policy scenario under consideration.
Variables in the model are classified as being either endogenous or exogenous variables. For the model to be solved, the number of endogenous variables must be equal to the number of equations in the model. The standard GTAP closure is featured as all markets in equilibrium and all firms earn zero profits, and the regional households are on his budget constraints.
The current study was designed to aid in an investigation of China's future food security status under different policy scenarios or shocks. Thus, the model is appropriate for the study of the consequence of China's agriculture related trade policies. The interdependence of the world economy and the comprehensiveness of the GTAP framework are appropriate for the purpose of the study.
Data and aggregation
The study uses the GTAP version 9 database, which is based on 2011 base year (Narayanan et al. 2012) . This version of the model includes 140 regions (countries) and 57 commodities (sectors). It has been calibrated to 2011 levels of production, consumption, trade, and protection. 2011 is a good base year for the forward projection as it captures the recent temporary price spikes in both the food and energy markets, and the global financial crisis and recession (Anderson and Strutt 2014) .
The 140 regions are aggregated to 17 regions with an emphasis on China and its major trading partners in agriculture goods and services. The 17 countries (regions) include Australia, New Zealand, China, Hong Kong (China), Japan, Korea, Indonesia, Thailand, Vietnam, Canada, USA, Russia, Germany, UK, Rest of Asia, 3 Rest of OECD, 4 and Rest of world. The individual countries on the list are China's traditional major trading partners. Given the agricultural emphasis of this study, there is no aggregation of agricultural sectors, food sectors, and industries related to agricultural sectors, while the other nonagriculture sectors are aggregated. The 57 industry sectors have been aggregated to 36 sectors on the basis of trade intensiveness in China.
Modifications of GTAP model
In order to undertake the desired projection and simulation exercises, a decision was made that the static GTAP model with a base year of 2011 was to be updated to the projection year 2030. 5 For the purposes of model updating, this study uses the recursiveupdating process that is based on forecasting the countries' (regions') economies by exogenously shocking the baseline model with projections of macroeconomic variables. The first step in the modeling process is the generation of a Business as Usual (BAU) projection from the benchmark 2011 GTAP 9 database. New economies can be generated for the years 2011-2020, 2020-2030, and 2030-2050 using macroeconomic shocks for the key variables The exogenous macrovariable shocks include capital, population, skilled labor, unskilled labor, and total factor productivity. The projection of growth rate for total factor productivity for non-agricultural sectors is sourced from CEP II (Fouré et al. 2010 ). The growth rate for total factor productivity for the agricultural sectors is based on the estimation work of Ludena et al. (2007) . The population growth rate projection was taken from the United Nations publication; 2012 Revised Population database, United Nation, Population Division. The growth rates for skilled labor, unskilled labor, and capital are also taken from CEP II (Fouré et al. 2010) . GDP is endogenously determined to accommodate the combination of these exogenous shocks.
Experimental design
There are a few scenarios investigated for this study. These are: business as usual, tariff adjustment free trade agreements, and other agricultural policy interventions.
1. This BAU scenario projection is developed to provide a picture of how the global economy and world trade might look with the current tariff barriers. Taking 2011 as the base year and using macroeconomic shocks to generate a new economy for 2020, 2030, and 2050. It provides a baseline against which a comparison may be made for the implementation of the various scenarios under study such as the implementation of trade agreements, tariff reductions, and other agricultural policy interventions. 2. There are five experiments in the tariff scenarios. The first experiment is a meat tariff reduction (MTR). It describes a situation where import tariffs for all meat and livestock sectors are removed. Some people argue that to improve grain self-sufficiency, China could and perhaps should import more meat. They believe that if China imports more meat, domestic meat production will decline along with feed grain use. Since feed grain and food grains compete for natural resources, such as water and land, if demand for feed grain decreases, more resources will be allocated to food grain sectors such as wheat and rice. Therefore, the objective of this experiment is to investigate the effects of meat tariff reductions on grain self-sufficiency rates. The second experiment concerns grain tariff reductions (GTR). This would be the case if
China was to open its grain markets to competition and eliminate the protection that the grain sectors receive. At the present, China imposes higher import tariffs for grain products than for other agricultural commodities to maintain a high grain self-sufficiency rate. The third experiment would impose a high grain tariff (GTI) to protect domestic grain producers and thus to encourage a high grain self-sufficiency rate. (2010) (2011) (2012) (2013) (2014) (2015) , the central government of China sets the annual grain growth rate as 2.04% to meet its grain output target. The last two experiments describe the implications for China and her trading partners if China keeps mandated growth rates for rice (MRG) and for wheat (MWG) over the study period until 2030.
The above scenario descriptions require a change in the development of the GTAP model to undertake the simulation. The descriptions of those scenarios are presented in Table 1 .
Analysis of results
The results and economic analyses are presented in the business as usual (BAU) scenario for 2030 and 2050 6 and various other scenarios in this section. The important food security indicators in different scenarios and the BAU scenario are discussed, such as output growth, export and import growth, self-sufficiency rates, food prices, and private food consumption. In addition, the study presents a discussion on welfare implications and GDP effects and returns to unskilled labor associated with each scenario.
BAU scenario

Output growth
China is expected to have the highest GDP growth rate in the period between 2011 and 2020 at approximately 7.3% per year, and at 5% per year in the period 2020-2030.
Results indicate that live cattle, beef meat products, plant-based fibers, other grain products, and rice are the most important sectors in terms of their industrial output growth. The ranking remains almost constant in each BAU scenario period. In general, the actual level of output for all agricultural commodities is expected to increase, while the annual growth rate of output for the majority of agricultural commodities is expected to decline over time. For example, the output growth rate for grain is estimated to decline. For the livestock sectors, other animal products, beef products are likely to decline by the greatest amount. Output of vegetables and fruits commodities is likely to grow at a decreasing rate in the future. China's domestic oil seed output is expected to rise at a decreasing rate during the study period.
Self-sufficiency rates
China's government has increased grain self-sufficiency rates over time and is the main food security indicator identified by the central government. More importantly given the dominant position held by rice and wheat as staple foods for Chinese consumers, the government has expressed a commitment to being self-sufficient in rice (Qian 2014 ).
In the 12th Five-Year Plan, the government sets a 95% self-sufficiency rate for rice and wheat as an objective to maintain food security (Qian 2014) . Corn is also another important grain product for the country and is generally used as an animal feed. In the GTAP's grain classification, corn is included in the "another grain group. " A number of studies on China's food security have estimated the country's grain deficit 7 (Brown 1994; Chen 2004 Chen , 2012 Chen et al. 2010; Huang and Jiabao 1997; Kang 1998) . It is useful to make a comparison of their results with the current study's results; therefore, the balance of grain demand and supply will be discussed first. In terms of value, the projected results for 2020 show that total grain production will be 673.40 million tons and that total grain consumption will be 692.878 million tons. Thus the grain deficit will be almost 20 million tons in 2020. 8 Grain output is predicted to expect a significant increase but cannot offset the large consumption growth rate, even then. The possible reasons for the considerable grain consumption increases are industrial uses in brewing alcohol, starch production, and the pharmaceutical industry. According to the BAU projection results (Table 2) , self-sufficiency rates 9 of rice, wheat, and other grain products are 98.61, 96.8, and 96.46% in 2020, respectively. In 2030, the self-sufficiency rate in rice is 95.05%, which is just at the government target. Wheat's self-sufficiency rate is 93.82%, which is below the government target. Other grain product's self-sufficiency rate is 92.09%. The results are consistent with other studies' results, such as Chen (2012). The gap between production and consumption for corn will grow gradually; therefore, the self-sufficiency rate of other grain is likely to fall at the fastest rate. Since feed uses and industry uses are expected to grow at a rapid rate, corn's domestic demand will increase much faster than its domestic supply. In the year 2050, all grain products are expected to fall below the government targets. Rice self-sufficiency will be only 82.25% and wheat self-sufficiency rate will be just 84.97%, whereas corn self-sufficiency will be less than 80%.
From 2020 to 2030, rice's output is expected to increase by 42%, and its consumption is estimated to rise by 47%; therefore, the rice deficit is projected to increase substantially from 2.88 million tons in 2020 to 15.118 million tons in 2030. The rice deficit is estimated to be even larger in 2050. Similarly, the wheat demand (124.28 million tons) in 2013 is expected to increase to 246.7 million tons (98%) in 2030 and 359.876 million tons (190%) in 2050, respectively. Demand is expected to grow faster than supply, so the wheat deficit will keep increasing throughout the projection years. The deficit is likely to be 15.12 million tons, and 54.08 million tons in 2030 and 2050 respectively. The current study shows the corn deficit 10 to be about 11.057 million tons, 37.536 million tons, and 310.664 million tons in 2020, 2030, and 2050, respectively. The results indicate that corn accounts for the majority of grain imports in the future. Corn is not a dominant staple food for China, but it is major feed crop. As income grows, demand for meat and livestock products bring substantial pressure on corn demand. Self-sufficiency rates for oil seeds, vegetable oils, and fats are expected to decrease over the projection periods. The results are also consistent with other studies' results. 8 This result is lower than the projection results of the National Food Grain Security medium-and long-term plan for 2008-2020 (32.5 million tons); FAO (60.5 million tons); Brown (258.4 million tons) IMPACT (41.1 million tons) (Brown 1994; Chen et al. 2010; Kang 1998) . 9 The self-sufficiency rate is calculated by production divided by consumption. 10 The corn deficit is expected to be 17.25 million tons in 2020 in Chen's study. 
Import and export
China is expected to expand total import and export value in 2030. The trade deficit is expected to grow to 1674,207 million US dollars for the same period. The study estimates the comparison for shares of the trading partners between 2011 and 2030. Canada is becoming a more and more important trade partner with China. Australia and New Zealand account for only 1.09% of China's total imports in 2030, although they still have a great potential for growth. Russia is expected to account for 3.31% of China's total imports. The USA is likely to replace Japan to become the largest international supplier for China along with rest of Asia. Shares of Korea and Japan are estimated to decline significantly from 2011 to 2030. The BAU results indicate that China's import partners are expected to be more diverse in 2030 than in 2011 which are assumed to be good for China. This is because trade partner diversification might provide cheaper goods and thus favor trade policies for China.
The export markets are also likely to be more diverse in 2030 than 2011. The Rest of OECD is expected to account for the majority of China's exports (34.2%) in 2030, which is followed by the USA (16.67%) and Germany (5.18%). Overall, China is expected to expand its export markets to the rest of OECD countries and the Rest of World.
Regarding agricultural trade, both agricultural exports and imports by China are expected to increase substantially by 2030. The results of the analysis show that China's agricultural imports are expected to be higher than agricultural exports over the whole projection period, and thus the agricultural trade deficit is predicted to rise. According to the results, exports of agricultural products and light manufacturing's are expected to increase. On the import side, machinery and equipment are expected to replace light manufacturing on the import ranking. The ranking of the rest of the top six imported sectors 11 is likely to remain constant for the BAU scenario.
The current study determines that the highest import growth rates are expected to be for the meat and live animals' sectors. Oilseeds and vegetable oils and fats are still the predominant imported agricultural commodities in 2030. The import of grain products is expected to grow rapidly in the coming decades. The import share of animal products is estimated to remain relatively constant throughout the BAU period.
The export shares for vegetables and fruits and animal products are expected to decline during the study period. Otherwise, fishery products, grain products, and fat and oil products are likely to have a stable share during the 2013-2030 period.
Arable land requirement 12
According to the BAU, total wheat and rice consumption for 2020 and 2030 are 692.88 million tons and 1027.063 million tons, respectively. The following arable land estimation assumes that the productivity of each unit of land is constant at the 2013 level. If the self-sufficiency rates for rice and wheat are 90%, the minimal sown areas 13 for rice and 11 The top import sectors include light manufacturing, petroleum, coal products, chemical, rubber, plastic products, other heavy industries, machinery and equipment and manufactory. 12 Since arable land "Red Line" policy provides a critical point of arable land, the study aims to assess whether this critical points are sufficiency to ensure high grain self-sufficiency rates in long term. Therefore, minimal arable land requirement estimation is projected up 2050. 13 The minimal rice and wheat area calculations are determined by the following procedure: (a) use rice and wheat sown areas in 2013 and outputs of rice and wheat in 2013 to calculate output per unit of land; (b) the required output can be calculated by projected consumption taking into account required self-sufficiency rates; (c) the minimal required arable land is calculated by required output divided by output per unit land.
wheat are estimated to be 1212.983 million mu 14 in 2020 and 1760.693 million mu in 2030 and 2727.194 million mu in 2050 (Table 3) . After 2030, the current arable land "Red Line" policy, conserving China's arable land above 1800 million mu, is not enough to achieve a 90% grain self-sufficiency rate. With a 95% self-sufficiency rate for rice and wheat, the minimal sown areas of rice and wheat are calculated to be 1280.37 million mu, 1858.509 million mu, and 2879.022 million mu in 2020, 2030, and 2050, respectively. The higher self-sufficiency rate needs more arable land. Therefore, in 2030, the required sown areas for a 95% self-sufficiency rate for rice and wheat are higher than "Red Line" (1800 million mu) by 58,509 million mu.
According to the BAU results analyses, without any agricultural productivity advancement, China is unable to achieve its grain self-sufficiency targets in 2030 and 2050. In addition, the current "Red Line" policy is not enough to produce sufficient grain to meet the 95% grain self-sufficiency rate. Thus, the arable land conservation policy should be strengthened, but it is just partial solution. Meanwhile, other agricultural policy alternatives, such as agricultural trade policy and agricultural support policy, should be attempted to improve food security.
Tariff scenarios
First, the study looks at the how tariff and trade policies impact China's food security. Under this block, the study looked at five experiments. The analysis will be presented in the order of three tariff adjustments experiments and two free trade agreement experiments.
Output growth rate
The output growth rates in 2030 under different tariff adjustment scenarios are presented in Table 4 . 15 A reduction in the meat tariff (MTR) has a small impact on agricultural sectoral output in 2030, compared with BAU 2030. As expected, sectoral output of beef cattle, sheep and goats, horses, and beef meat products were adversely affected. The beef meat product output growth rate is also expected to be lower than it is in the BAU. However, other animal products and other meat products are found to have increased output levels with the meat tariff reduction policies, which are 1.7 and 2.9%, respectively. This occurred because the import of beef animal products and beef meat products are higher than for other animal and meat products. Therefore, production of beef animals and meat products shrink, so as to release more production resources as compared to other meat 14 Mu is China's land unit. 1 mu = 0.067 hectare. China's "Red Line" of arable land is 1,800 million mu. 15 In the table, "−" indicates decline and "+" indicates increase. The rest tables follow the same rule. sectors. Therefore, the other animal and meat sectors show increased levels of output. For rice and wheat, the output levels are expected to increase marginally. Other grain products are expected to have decreased output levels. These results appear to be because of the meat import expansion which leads to a decreased feed grain demand domestically. Thus more land and input factors are available for the wheat and rice sectors. The results indicate that the meat tariff reduction intervention is likely to have negative effects on other agricultural sector outputs, but they are not significant. For the grain tariff reduction (GTR), compared to the output growth rate in the BAU at 2030, the wheat sector and other grain sectors are expected to see a decrease in their output levels. The rice sector is likely to increase its output level. Since China is very good at producing rice, any grain tariff reduction is expected to have little effect on domestic rice production levels. The other agricultural sectors are likely to show a slight, but insignificant increase in output level. In the scenario of increasing the grain tariff (GTI), compared with output growth in the BAU at 2030, wheat and other grain product output growth rates are likely to increase by 1.2 and 1.9%, respectively, while the rest of the agricultural sectors, including the rice sector, are found to have slight declines in output levels. Since these two experiments (CAM and CKM) only shock the animal and meat sectors in one country, the changes in other agricultural sectoral outputs between the BAU scenario and the free trade agreement scenarios are insignificant. If China removes a meat import tariff for the meat imported from Australia, all meat sector outputs are expected to decline. The beef meat sectors are expected to experience the largest impacts on output growth rates. If Korea removes the meat import tariff from China, China's meat sector outputs are expected to increase because of an increase in export demand. Beef meat and other meat sectors are most impacted in the CKM 2030 scenario.
Self-sufficiency rate 16
Self-sufficiency rates are very important food security indictors for China's government. They believe the grain sufficiency rate must be higher than 95%. Table 5 summarizes 16 Since current study is particularly interested in grain sufficiency rates, study will project for grain self-sufficiency rates upto 2050. changes in self-sufficiency rates for grain under tariff adjustment scenarios in 2030 and 2050, compared with the BAU at 2030 and 2050. If the government removes the meat tariff, the self-sufficiency rate for all grain products is likely to increase. Rice's self-sufficiency rate is expected to increase from 95.05% in BAU 2030 to 96.89% in MTR 2030. Regarding wheat, a meat tariff reduction (MTR) is expected to bring positive effects on self-sufficiency rates. In 2030, the wheat self-sufficiency rate is likely to increase from 93.82% in the BAU to 95.51% in the MTR. For both rice and wheat, the self-sufficiency rates with a meat tariff reduction policy will be higher than the government's grain security target. For other grains, such as corn, the self-sufficiency rate is expected to rise from 92.09% in the BAU 2030 to 93.93% in the MTR 2030. The other grain selfsufficiency rates are 92.09 and 79.89% in the BAU 2030 and 2050 scenarios, respectively. They are expected to increase by 1.84 and 7.76% in the MTR 2030 and 2050 scenarios, respectively. For 2050, the positive effects of the meat tariff reduction policy are more obvious. The self-sufficiency rates for rice and wheat in the BAU 2050 scenario are much lower than government food security targets, while in the MTR 2050 scenario, both of the self-sufficiency rates are above 90%. In general, a meat tariff reduction is likely to enhance the grain self-sufficiency rates in all projection periods.
The results show that a grain tariff reduction does not have significant effects on grain self-sufficiency rates. However, for a grain tariff increase, the self-sufficiency rates for all grain commodities appear to indicate a considerable increase in 2030 and 2050. For instance, the rice self-sufficiency rate is expected to increase from 95.05 to 98.81% in 2030. Wheat has similar results. In 2030, the wheat self-sufficiency rate is 93.82% for the BAU in 2030, while it is expected to increase to 97.26% for the grain tariff increase in 2030. The other grain product self-sufficiency rate is expected to be higher than it is in the BAU scenario as well. In 2030, compared with the BAU, the other grain's selfsufficiency rate is expected to increase by about 3.75% if the grain tariff increases by 50%.
All the grain product self-sufficiency rates are lower than 90% in the BAU 2050 scenario, while rice, wheat, and the other grain self-sufficiency rates are expected to improve to 100, 104, and 98%, respectively for a grain tariff increase in 2050. The self-sufficiency rates for all the grain products are likely to be above government targets under the grain tariff increased scenario by 2050. Generally speaking, a grain tariff reduction does not have significant effects on self-sufficiency rates, while a grain tariff increase raises China's grain self-sufficiency rates considerably. On its own, self-sufficiency is not a perfect food security indictor. To fully access a country's food security status, the government also needs to take private consumption levels and food prices into consideration. The rice and wheat self-sufficiency rates have been improved to target levels in the CAM 2030 scenario ( Table 5 ). The self-sufficiency rates for rice and wheat are expected to reach 95.10 and 95.51% in 2030, respectively. Other grain self-sufficiency rates are likely to increase from 92.09% in the BAU 2030 scenario to 93.93% in the CAM 2030 scenario. For 2050, the self-sufficiency rates for rice, wheat, and other grains are expected to reach 90.34, 93.58, and 87.67%, respectively. As expected, meat import expansion is helpful to free more natural resources to rice and wheat sectors from feed grain production. Compared to the BAU 2030 scenario, Korea's free trade in meat does not change China's grain self-sufficiency rates in both 2030 and 2050. This results because Korea accounts for a relatively small share of China's meat export share in 2030; therefore, its trade policy impacts on China's grain self-sufficiency rates are negligible.
Import and export
The growth rate of import ranking is fairly constant for three scenarios (MTR, GTR, and GTI) compared with the BAU 2030 scenario (Table 6 ). Comparing import growth rates between the BAU and the MTR 2030, the same for beef animals, other animal products, beef meat products and other meat products are expected to increase by 3.27, 8.93, 15.48, and 32 .71%, respectively. The import growth rates for rice, wheat, and other grains are expected to decline by 2.6, 2.7, and 0.4%, respectively, resulting in feed grain and livestock products production to also decline. The interaction process is as follows: When the livestock sectors increase their production levels, more feed grain is required. Import and domestic production of feed grains are expected to expand. Meanwhile, feed grain (corn) and food grain (rice and wheat) compete for production resources. When more endowment factors are shifted into the feed grain sector, domestic food grain production and the resulting output level will shrink. Therefore, the import of food grain products is expected to increase. In the case of a meat tariff reduction, the government removes meat and live animal import tariffs, so the domestic livestock production levels are expected to encounter decline due to an increase in imported goods. The other sectors, with small percentage decreases in import levels, are not expected to be affected significantly.
As expected, a grain tariff reduction (GTR) is likely to encourage an increase in grain imports. Compared to the grain import growth rate in the BAU at 2030, a grain tariff reduction is expected to increase rice imports from 5461 million tons (BAU 2030) to 5150.3 million tons (GTR 2030) and increase wheat imports from 6836 million tons (BAU 2030) to about 7119 million tons (GTR 2030) . For other grain products, the import quantity is likely to increase from 5194.6 million tons (BAU 2030) to 5285.7 million tons (GTR 2030). On the contrary, a grain tariff increase (GTI) is expected to reduce grain imports by a small amount. For example, compared to the BAU 2030 scenario, the import growth rate for rice, wheat, and other grain products in the GTI 2030 scenario are likely to decline by 1.9, 1.72, and 1.89%, respectively.
On the export side, a meat tariff reduction is expected to increase exports for the majority of agricultural products, except for fishery products. Compared with the BAU 2030 scenario, rice, wheat, and other grain product output levels are expected to increase by 3.47, 4.87, and 1.06%, respectively (Table 7 ). An interesting, and at first glance, counterintuitive result is shown in the beef meat, beef animal, other animal, and other meat sectors. These sectors are projected to have positive export growth rates for the MTR 2030 scenario. Thus China is likely to import more live animals in the MTR 2030 scenario, and at the same time the country will also export more processed meat in the MTR 2030 scenario.
Grain tariff changes do not result in significant effects on agricultural exports, including the rice, wheat, and other grain sectors. It is interesting that grain exports in the GTR 2030 scenario are less than they are in the BAU 2030 scenario, and grain exports in the GTI 2030 scenario are higher than they are in BAU 2030. It is likely because China imports more grain products due to the grain tariff reduction. There is sufficient grain supply in the domestic market, so China is expected to have extra grain to export. In the GTI 2030 scenario, it is the opposite case than the GTR scenario. The majority of domestic grain production has to be allocated to the domestic market, so there is less remaining for the export market. The changes in the export growth rates for the agricultural sectors due to grain tariff adjustment policies are lower than 1%, compared with the BAU 2030 scenario.
Meat trade liberalization is expected to have different impacts on exports and imports. The study addresses the export and import changes under the BAU and different trade agreement scenarios. In the CAM 2030 scenario compared with the BAU 2030 scenario, export increases for most agricultural sectors, such as the grain, vegetables and fruits, sugar, plant-based fibers, milk, wool, vegetable oils and fats, and the dairy product sectors. For imports, the impacts on each agricultural sector are different. For instance, grains, vegetables and fruits, and the vegetable oils and fats sectors are expected to decrease their imports. Compared with the BAU 2030 scenario, imports of rice, wheat, and other grains are likely to decrease by 3, 2.9, and 1.6%, respectively. Imports of vegetables and fruits are estimated to decrease by 2.4%, while import of vegetable oils and fats is likely to decline by 1.8%. The reason is similar to that of the results for the MTR scenarios. For oilseeds, other crops, and other meat products, both exports and imports are expected to be higher than they are in the BAU 2030 scenario, but exports are estimated to grow faster than imports. For the other meat sectors, including beef animal sectors, other animal sectors, and other meat sectors, the import growth is higher than export growth in the CAM 2030 scenario. Overall, China's tariff reduction for Australian and New Zealand meat products could expand China's agricultural exports.
In the CKM scenario, the other meat product sector is most affected. Its export growth rate is expected to increase by 29.6%. The rest of the agricultural sectors do not exhibit significant effects. Overall, the import growth rate has increased slightly in the CKM 2030 scenario. If Korea increases meat demand from China, China needs to import more food to meet domestic consumption requirements. China's exports decrease in the grain, vegetables and fruits, oil seeds, sugar, plant-based fibers, other crops, milk and dairy products, and fishery products sectors. Compared with the CKM scenario, the CAM scenario is more favored in terms of China's agricultural trade surplus in 2030 (Table 8) .
Private consumption and food price
Compared to private consumption levels in the BAU 2030 scenario, private consumption levels for the majority of agricultural commodities are expected to increase in the MTR 2030 scenario, particularly for other grain products (1.34%), oilseeds (2.69%), vegetables and fruits (1.34%), dairy products (2.21%), beef animals (3.12%), and beef meat products (1.3%). More interesting results are observed for the other meat sector products. Chinese consumers decrease their consumption for other meat products by 2.7%. Overall, private consumption is expected to increase for the majority of goods. The MTR scenario is expected to encourage Chinese consumers to increase their food consumption due to lower food prices, so that national food security is expected to improve under the MTR scenario (Table 9) .
Grain tariff changes are expected to have little effect on private food consumption levels. Overall, a grain tariff reduction is expected to increase food consumption levels for the majority of agricultural good only slightly, while a higher grain tariff is predicted to decrease food consumption levels. Table 10 shows results of the simulation for changes in commodity prices. Generally speaking, tariff reduction policies are likely to decrease food prices, resulting in the food becoming more accessible for poor people. In the case of the GTI scenario, food prices are likely to increase for the majority of food products, but the resulting changes are not expected to be significant. Comparing the GTR 2030 scenario with the BAU 2030 scenario, most food prices are expected to decrease slightly. For the MTR 2030 scenario, grain product prices are likely to decrease by 0.36-0. 54% compared to the BAU 2030 scenario, resulting in less domestic demand for feed grains. The price for beef animal products and other animal products are expected to decrease by 0.46 and 0.72% in 2030, respectively. The most significant effect is shown in the beef meat sector, where the price is estimated to be reduced by 1.34%. Compared to the BAU 2030 scenario, other meat product prices are likely to decrease by 0.78%. Overall, grain tariff changes are expected to have little impact on food prices while meat tariff reduction is expected to have noticeable impacts on the price of livestock and grain products.
The impacts of the meat free trade agreement (CAM and CKM) on domestic private food consumption and food prices indicate that all agricultural commodity prices in the CAM 2030 scenario are expected to be lower than they are in the BAU 2030 scenario (Table 11 ). Since the government loosens meat import restrictions, the subsequent expansion leads to an increase in domestic supply level which is likely to depress domestic meat prices. Prices of other agricultural sectors also are impacted indirectly. Compared to the BAU 2030 scenario, all agricultural sector prices are higher for the CKM 2030 scenario. If Korea removes meat import tariffs for China's meat products, China's meat exports are expected to increase. Meanwhile, livestock production is likely to expand to meet international demand. Meat and animal products are expected to attract more natural resources and labor, and therefore, other agricultural sectors have to face increasing endowment factor prices. As a result, the production in those sectors is likely to decrease. In general, other agricultural commodity prices are likely to increase due to rising input costs. Compared to the BAU 2030 scenario, domestic household consumption in the CAM 2030 scenario for a majority of agricultural commodities is likely to increase, except for other animal products and other meat products. Intriguing as these findings are, per capita consumption of other animal products and other meat products is likely to decrease, even though their price decreases. This could be due to the price reduction in those sectors not being significant and consumers allocating their food budgets to other products, which have significant price reductions. Compared to the BAU 2030 scenario, domestic household food consumption is expected to decline by a small degree under the CKM 2030 scenario. The domestic consumption decrease is in all probability caused by increasing product prices in the CKM scenario.
Mandated rice and wheat growth rate
Output growth
The output growth rate, in the rice mandated growth rate (MRG) scenario, is expected to be 20.6% higher than it is in the BAU 2030 scenario. The wheat and other grains sectors are expected to have higher output growth than the rice sector, approximately 35.1 and 21.5%, respectively. The results suggest that the other agricultural sectors' yields are expected to rise as well. For the beef animals, other animals, beef meat products, and other meat sectors output levels are likely to increase by 17.4, 34.3, 26.7, and 48.3%, compared with the BAU 2030 scenario. The output of oilseeds and vegetable oils and fats is expected to be higher than it is in the BAU 2030 scenario as well by 50.2 and 49.3%, respectively. Overall, a mandated rice growth rate policy has had significant and positive impacts on major agricultural products (Table 12 ). The wheat mandated growth rate (MWG) experiment shows similar results, but at a different level of magnitude. Under the MWG 2030 scenario, the wheat sector is the most affected sector as expected. Wheat output is likely to increase by 20.6% compared with the BAU 2030 scenario. For the rice and other grains sectors, their outputs do not show large improvement, as they are only 1.7 and 1% larger, respectively (Table 12) . Compared with the MRG 2030 scenario, the output growth effects of these sectors are less significant in the MWG 2030 scenario. For the beef animal sector, other animal sector, beef meat sector, and other meat sector increases were expected in the order of 1.9, 3.2, 2.4, and 5.3% in the MWG 2030 scenario, respectively, compared with their growth rates in the BAU 2030 scenario. The rest of the agricultural sectors were expected to have positive yield changes in both scenarios, but the changes were found to be of a smaller magnitude in the MWG scenario.
The self-sufficiency rates that change under the MRG and MWG scenarios are presented in Table 13 . These results suggest that the mandated rice and wheat growth rate policies are expected to improve the target grain (rice or wheat) commodity self-sufficiency rates significantly, while little effects will be felt on the remaining grain product self-sufficiency rates. For instance, if the government sets the rice mandated growth rate at 2.05% per annum, the rice self-sufficiency rate is expected to improve from 95.05% to over 100% for 2030 and from 82.25 to 106.16% for 2050. Wheat and other grain selfsufficiency rates are expected to increase by 0.71 and 0.32% for 2030 and 1.25 and 0.44% for 2050, respectively. Therefore, wheat's self-sufficiency rate continues to be lower than the government's target for both 2030 and 2050 in the MRG scenario.
If the government sets a mandated growth rate for the wheat sector, the self-sufficiency rate for wheat is likely to improve by 29.18% for 2030 and 37.99% for 2050, which are above the government's wheat security target. However, the opposite results are shown for the rest of the grain sectors. The self-sufficiency rates for rice and other grains are likely to decrease by 1.01 and 1.92% for 2030, respectively. For 2050, the self-sufficiency rates for both rice and other grain products are expected to decline by 1.03% in the MWG 2050 scenario.
Import and export
The crop with a government mandated growth rate policy is likely to record an impressive increase in export volume and a considerable decrease in the volume of imports. For the MRG 2030 scenario, compared with the BAU 2030 scenario, volume for both rice and wheat are expected to decline in terms of imports and expand in terms of exports, while for other grain products, both exports and imports are likely to increase. However, the export growth rate (39. 54%) is expected to be higher than the import growth rate (2.12%). The other agricultural products are expected to exhibit similar effects as rice and wheat, except for oilseeds. Imports of oilseeds are likely to increase by 27.3%, and exports are expected to increase by 8.2%. Thus, the import growth rate is much higher than its export growth rate. The results are more complex for the MWG 2030 scenario as in this case there is likely to be a decrease in wheat imports and an increase in wheat exports while the opposite results show up in the rice sector. It might be because more inputs are shifted to the wheat sector from the rice sector due to the mandated wheat growth rate policy. For the other grains sector, even though both imports and exports are likely to increase, the import growth rate (2.09%) is higher than its export growth rate (1.27%). For all the meat and livestock sectors, imports are expected to increase while exports are expected to decrease in the MWG 2030 scenario (Table 14) . 
Private consumption and food price
Table 15 presents private consumption levels and food price changes for different grain mandated growth scenarios (MWG and MRG) 2030 and the BAU 2030 scenario. Generally speaking, the majority of agricultural products and food commodities have consumption volumes that are expected to increase as a result of the policy interventions. Chinese consumers are predicted to consume more food under both the MRG 2030 and MWG 2030 scenarios, but the consumption of the majority of agricultural goods is increased more significantly under the rice mandated growth scenario.
In the MRG 2030 scenario, rice and wheat consumption is expected to increase 84.48 and 20.5%, respectively. Other grain product consumption rates will increase by 28.63%. The estimation of the nation's overall demand for meat, animal products, oilseeds and vegetable oil and fat commodities would be higher than they proved to be under the BAU 2050 scenario by 14-37%. For instance, private consumption for vegetable and fruits is expected to increase by 16% in the MRG 2030 scenario and by 1.11% in the WMG 2030 scenario. The consumption of oilseeds is likely to increase by 21% in the RMG 2030 scenario and by 0.67% in the MWG scenario. For beef animals and beef meat sectors, the levels of private consumption are expected to increase by 29 and 32%, respectively, while private consumption levels are likely to increase by 2.6 and 3.7%, respectively, in the MWG 2030 scenario. Both MRG and MWG scenarios are expected to decrease overall food prices, except for fishery products. Price effects of the MRG scenario are larger than similar effects for the MWG scenario. The study provides estimates of prices that are expected to decline by 16, 21, and around 30% for vegetables, oilseeds and livestock products, respectively, in the MRG scenario. The MWG scenario is expected to have a moderate influence on food prices with the prices of rice and other grain products are expected to decline by 0.65 and 0.96%, respectively. The price for oilseeds and vegetable oils and fats are expected to increase by 1.05 and 1.54%, respectively. For meat and livestock sectors, beef cattle, sheep, goats, and horses (5.2%) and the other animal sector (9.27%) are expected to experience a larger price reduction than the beef meat (1.64%) and other meat sectors (8.1%).
The consumption volume and price changes for fishery products appear to respond in the opposite direction to the other agricultural sectors. In both the MRG and MWG scenarios, private consumption of fishery products is expected to decrease, while the prices for fishery products are predicted to increase by 2030, compared with the BAU 2030 scenario.
Welfare implication for all scenarios
In the GTAP model, each region's representative agent aims to maximize the level of utility. When a policy is changed, the agent calculates a change in income level which affects the scale of savings and consumption for each commodity in such a way that the marginal utility of consumption is the same across all commodities. In this case, agents use prices to clear the market in the decision-making process. In free trade experiments, the welfare level of agents in one region would improve, while that of a trading partner would likely decrease. The welfare changes for China under different scenarios are presented in Table 16 . In the cases of GTR and GTI scenarios, China's welfare is not expected to experience significant changes. China appears to gain slightly if the government increases grain tariff. If grain tariff is removed, then the opposite result is expected to occur. For two free trade meat agreement scenarios, compared against welfare in the same period for BAU, China is expected to experience a welfare loss in 2030 if it removes the meat import tariff for Australia and New Zealand. On the other hand, Australia and New Zealand's welfare are expected to improve by 2030, compared to the same period under the BAU scenario. It is worth mentioning that this free trade meat agreement is expected to generate positive welfare effects for China in 2050. The CKM scenario welfare change indicates that China is expected to gain throughout the projection period, in response to Korea removing all meat import tariffs for China's livestock and meat products. Results for this scenario showed that this free trade meat agreement results in a win-win situation for both China and Korea. As for the mandatory growth rates of rice and wheat, China appears likely to experience considerable welfare gains.
Under the current agricultural productivity level, the current quantity of arable land is not enough to secure the government's target for grain self-sufficiency (95%) in 2030. The "Red Line" policy for arable land is not enough to meet government's grain security target in 2030; moreover, land resources for the purpose of reclamation is limited. To safeguard national food security, given this situation, government policy interventions appear unavoidable.
According to projected results from this study, a meat import tariff reduction scenario is likely to improve grain self-sufficiency rates along with domestic food consumption which could possibly culminate in a decrease in food prices. Even though China's welfare is expected to decrease under the MTR scenario, meat tariff reduction still helps China's government to achieve its grain security target and enhance domestic food consumption. Lowering food prices in the MTR 2030 scenario lead to food being more accessible to the poorer sections. Grain tariff adjustments are expected to have little effect on China's welfare. Grain tariff reductions are helpful in improving food accessibility, but they are not helpful in improving grain's self-sufficiency rates. On the other hand, an increasing grain tariff policy is expected to meet the government's grain self-sufficiency targets, but the domestic food consumption will decrease and food prices will subsequently rise. Therefore, if the government aims to safeguard grain self-sufficiency by increasing grain import tariffs, it appears harmful to the goal of e national food security. Unlike the free trade meat agreement with Korea (CKM), a reduced meat import tariff for Australia is expected to bring more benefits to China's food security. China is expected to increase the majority of its agricultural commodities' output levels, improve grain self-sufficiency rates, gain welfare, decrease food prices and increase private food consumption levels with the CAM scenario. In addition, the CAM scenario is helpful for poverty alleviation in China. Conversely, the China-Korea free trade meat agreement is not expected to benefit China's food security, even though China's meat exports will be stimulated. Mandated grain growth rates could be expected to have significant positive impact on important food security indicators. In addition, the policies appear to be beneficial for national welfare for both MRG and MWG scenarios.
Conclusion and policy
It ensures that food security is a focus for all the countries in the world and a major development strategy for China to promote economic development, maintain social stability, and achieve a national self-sufficiency rate for basic food ingredients.
China's food production capacity is constrained by the limited availability of land and water resources (Zhou 2010) , and its agricultural productivity is 46% of the average world productivity value. However, rapid income growth and a large population base have led to a substantial domestic demand for agricultural commodities. As a result, China's agricultural trade deficit has been rising for some years now. This is particularly true for grain products, as China became a net importer of grain in 2010, and this trend is expected to continue for the foreseeable future. Thus it puts pressure on China's food security target of 95% for rice and wheat self-sufficiency rates. Given China's large and growing population, the attainment of food security appears to be a national and global issue. In this backdrop, the current study objective is to investigate China's food security situation in 2030 and investigate the impacts of alternative policies on food security.
The results from this study suggest that China is expected to achieve a grain self-sufficiency level of a little above 90% by the year 2030, but less than 90% by the year 2050. Without any policy intervention in the Business as Usual (BAU) scenario the self-sufficiency rate for rice is expected to be 82.25% and for wheat the rate will be 84.97% by 2050. The total value of agricultural imports and exports are expected to increase substantially. In addition, the current "Red Line" arable land protection policy (1800 million mu) is determined to be insufficient to allow for the production of enough grain by the year 2030 to meet the desired 95% self-sufficiency rate. Moreover, it is not enough to meet 90% (2727.495 million mu) and 95% (2879.022 million mu) self-sufficiency rates by the year 2050. Study results indicate that arable land should be strictly protected for food production against pressure from industrialization and urbanization. However, it is only part of the food security solution. Therefore, policy interventions are crucial to ensure that China's food security targets are met.
Agricultural and trade policy impacts on the Chinese economy were estimated for this study. The MTR (meat tariff reduction) seems to have a greater impact on China's food security than the GTR (grain tariff reduction). With respect to the MTR, outputs of rice and wheat are expected to increase substantially, thus the grain self-sufficiency rates are expected to improve by 2030 and to be above 90% in 2050. The GTR scenario produces few positive effects on grain self-sufficiency rates and agricultural trade values, while there is a marginal negative impact on society welfare. Compared with the GTR, a GTI (grain tariff increase) is expected to raise the grain self-sufficiency rates considerably for both 2030 and 2050. In 2030, with the GTI policy, the rice and wheat self-sufficiency rates are expected to increase to 98.8 and 97.2% in 2030, respectively. All the grain product self-sufficiency rates are estimated to be over 95% in 2050. However, national food prices are expected to increase and private food consumption is expected to decline. The poor food buyers will be mostly affected, since the food is unaffordable, possibly resulting in an increase in the incidence of malnourishment. In this study, we have captured the impact of two recent free trade agreements signed by China. The CAM (China-Australia meat free trade agreement) results in greater positive effects on China's food security than the CKM (China-Korea meat free trade agreement). CAM results indicate an increase in private consumption and a decrease in food prices, while the CKM appears to present the opposite results. In the case of a mandated rate of growth for rice (MRG) and a mandated rate of growth for wheat (MWG), it appears that these are effective in encouraging an improvement in the self-sufficiency rates of the grain target policy. These policies also reveal a substantial increment in output levels. Wages of unskilled labor and national welfare under both policies are likely to increase. These impacts will also help to reduce food prices and stimulate food consumption. Factor returns to unskilled labor are also expected to increase considerably.
Policy recommendations
The findings of this study indicates that to attain China's grain security target in 2030 and 2050, the country must preserve and even increase its grain production areas through restrictions on the conversion of arable land for other purposes. This is because the simple preservation of existing arable land, through policies such as the "Red Line" policy, seems incapable of maintaining grain self-sufficiency rates at the target level by 2030 and 2050. The government should also encourage the reclamation of abandoned residential areas so that the land can once again be used for food production. Rural governments should strictly define and enforce land use rights. Well-defined land use rights will result in a sound land market, as well as promoting a rational allocation of land resources.
Since China's agricultural production and thus supply are subject to limited natural resources, it is widely accepted that imports of foods from the international market will be unavoidable. Since China has joined the WTO, China's food market has become more integrated into the world market. Since grain products are all exempted in all free trade agreements with China, it has been argued that China should decrease its grain import tariff to better meet domestic demand. The results of this study indicate that grain tariff adjustments are in fact not a good policy option. Feed grains compete for resources with food grains; therefore, a free trade in meat policy is likely to release more available production resources into the food grain sectors than other policies. Instead of reducing grain tariffs, governments should focus on this meat trade policy as a meat tariff reduction is more effective in enhancing China's food security than tariff adjustments for grain. Australia and New Zealand are expected to become important meat and livestock suppliers to China and can be preempted by the China-Australia free trade agreement that is under negotiation.
